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Abstract: Interactions between humans and white-tailed deer (Odocoileus virginianus) 
have become common, often resulting in management actions to mitigate negative impacts. 
Changes in population size are generally used to judge management actions. We examined 
deer population estimation techniques during 2 mark-resighting experiments in a woodland-
grassland habitat in central New York State and in a suburban area. We compared program 
NOREMARK, Lincoln-Peterson estimates, and Jacobson’s (1997) buck:doe ratios (BDR) for 
estimating deer abundance. In the fi rst fi eld trial, we sought to validate the camera survey 
methods and computer applications. We used infrared-triggered cameras (IRCs) to survey 
a white-tailed deer population of known size that inhabited a fenced, woodland-grassland 
area (11-day survey, 1 camera/33 ha, fall 1999). We estimated deer abundance with program 
NOREMARK (Bowden estimator). Analysis of the photographic data with this technique 
produced an accurate and precise population estimate in the fi rst experiment. In the second 
experiment, we used program NOREMARK and 2 similar estimators in a previously untested 
suburban landscape. We surveyed a suburban white-tailed deer population with IRCs during 
spring and fall 2000 (10-day surveys, 1 camera/38 ha), using program NOREMARK (Bowden 
estimator), the Jacobson BDR method, and the Lincoln-Peterson estimator. All 3 methods 
produced similar estimates of deer abundance. We concluded that IRCs, in conjunction with 
either program NOREMARK or the Jacobson BDR method will provide reliable estimates of 
deer abundance in suburban areas.
Key words: camera traps, human–wildlife confl icts, mark-recapture, Odocoileus virginianus, 
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Today’s resource managers face bur-
geoning populations of white-tailed deer 
(Odocoileus virginianus) in suburban areas and 
a concomitant increase in human–wildlife 
confl icts (DeNicola and Williams 2008, 
DeNicola et al. 2008). Knowing the abundance 
and distribution of deer is important for 
making population management decisions. 
Estimates of population size before and aft er 
a management action are used to judge the 
success of management programs (Lancia et 
al. 1994, Rutberg and Naugle 2008). However, 
accurate estimates of abundance are diffi  cult to 
obtain, and management is oft en hindered by 
lack of confi dence in census methods.
Because determining the actual number of 
deer in a population is diffi  cult and expensive to 
ascertain (DeNicola et al. 2000), population size 
is generally estimated. Many methods have been 
used to determine deer abundance (Jacobson et 
al. 1997, McShea et al. 2008), but each method 
has its limitations. For example, aerial counts 
and thermal infrared photography may be 
expensive (Naugle et al. 1996), drive counts are 
labor-intensive (Wilson et al. 1996), and spotlight 
counts are restricted to open habitat (Fafarman 
and DeYoung 1986). Population reconstruction 
depends on reliable mortality data collected 
from hunter reports or other sources (Hesselton 
et al. 1965, Moen et al. 1986) that may not be 
available for many suburban areas. Population 
estimates from mark-recapture studies assume 
equal catchability; yet, many populations are 
heterogeneous in this characteristic (Pollock et 
al. 1990).
Instead of trapping animals individually 
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for mark-recapture analyses, they can be 
recaptured by sightings. Mark-resighting off ers 
advantages over conventional mark-recapture 
methods, including cost reduction, potential 
for recapture heterogeneity, and time savings 
(Minta and Mangel 1989). Mark-resighting has 
been tested with known populations of mule 
deer (Odocoilues hemionus; Bartmann et al. 1987), 
and applied to white-tailed deer (Rice and 
Harder 1977), mountain sheep (Ovis canadensis; 
Furlow et al. 1981, Neal et al. 1993), black and 
grizzly bears (Ursus americanus and U. arctos 
horribilis; Miller et al. 1987), and coyotes (Canis 
latrans; Hein and Andelt 1995).
Infrared-triggered cameras (IRCs) are a 
recent addition to resighting methods (Mace et 
al. 1994, Karanth and Nichols 1998, Grogan and 
Lindzey 1999) and have been useful in animal 
behavior studies (Carthew and Slater 1991). 
Roberts et al. (2006) demonstrated that IRC 
surveys could be used to conduct population 
estimates of deer with fewer limitations that 
are inherent in road surveys. An advantage to 
photographic data is that it allows more time to 
identify individuals that are uniquely marked. 
Moreover, IRCs are economically feasible and 
may be used with alternative sampling designs 
(Roberts et al. 2006).
Unmarked individual deer are oft en 
indistinguishable, except during fall and early 
winter when antlered bucks can be identifi ed. 
Jacobson et al. (1997) used this characteristic 
and IRCs to estimate population size for white-
tailed deer in rural woodlands. By comparing 
results to Lincoln-Petersen estimates, they 
concluded that the buck:doe ratio (BDR) 
method gave a close estimate of population 
size. The Jacobson BDR method also provided 
a reasonable estimate of white-tailed deer 
abundance in a grassland-scrub habitat in 
southern Texas (Koerth et al. 1997). 
Another recent advance in population 
estimation techniques was the development of 
the computer program NOREMARK (White 
1996). This program provides abundance 
estimates from mark-resighting data, including 
photographs, and does not assume equal 
catchability. This method has been used for 
coyotes (Hein and Andelt 1995), black bears 
(Grogan and Kindzey 1999), and feral hogs (Sus 
scrofa; Sweitzer et al. 2000).
Our objectives were to (1) assess whether IRC 
data analyzed with the program NOREMARK 
could be used to estimate accurately and 
precisely white-tailed deer abundance for a 
population of known size, (2) evaluate this 
technique for estimating population size for 
a suburban deer herd, and (3) compare the 
reliability of the Jacobson et al. (1997) BDR 
method with program NOREMARK and 
Lincoln-Petersen estimates of abundance for 
the same suburban deer population.
Materials and methods
Experiment 1: Method validation at 
Seneca Army Depot
The camera survey for deer was conducted in 
the Quarantine Area (QA), a 263-ha enclosure 
at the northern end of the 4,000-ha Seneca Army 
Depot (SEAD), near Romulus, New York, USA. 
The QA was enclosed by 3 parallel 2.4-m-high 
security fences and comprised 78% open 
grasslands, 17% woodlots, and 5% paved roads, 
railroads, and buildings. The QA provided a rare 
opportunity to create our own research herd 
with almost no exchange (1 exception) inside 
and outside the enclosure. The QA contained 
137 free-ranging, white-tailed deer, with 104 of 
them marked and 33 unmarked. We determined 
the number of unmarked deer inside the fence 
at the time of the survey by establishing semi-
permanent blinds near bait piles at several sites 
in open fi elds. Researchers and student interns 
logged thousands of hours watching deer with 
spott ing scopes each summer to confi rm which 
does had fawns and how many. The marked 
deer had been captured from the surrounding 
SEAD with rocket nets (Hawkins et al. 1968), 
dart guns (Pneu Dart, Inc., Williamsport, 
Pa.), and Clover traps (Clover 1956), and 
released within the QA between spring 1996 
and winter 1998 (Pooler 2001). These deer 
had been marked at capture with numbered, 
aluminum ear tags and numbered, color-coded 
collars (Pooler 2001). There was no hunting 
on the QA during this study. All research 
conformed to the requirements of Cornell 
University’s Institutional Animal Care and Use 
Committ ee and New York State Department of 
Environmental Conservation Special Licenses 
Unit.
We conducted the camera survey daily from 
September 15 to 25, 1999. We confi rmed that this 
118 Human–Wildlife Confl icts 3(1)
period was adequate by monitoring cumulative 
catch rates and population estimates obtained 
aft er each day. We used the TRAILMASTER® 
IRC system (Goodson and Associates, Inc., 
Lenexa, Kan.), which included TM550 passive 
infrared trail monitors, and TM35-1 camera 
kits. Each camera featured automatic fl ash and 
fi lm advance, and data back memory listing 
exposure date and time. The TM550 detects 
movement of warm-blooded animals; it is a 
weatherproof sensing device with an elliptical 
sensitivity cone about 19.5 m deep, 150° wide, 
and 4° high. At each station, the camera and 
monitor were mounted on metal poles or trees 
6–8 m from bait. The IRCs faced north or south 
to avoid overexposure of photos near dawn 
and dusk. We positioned the infrared monitor 
approximately 0.75 m above the ground and 
the camera about 0.25 m directly above it. We 
reduced the width of the monitor’s detection 
fi eld to approximately 30ɠ by partially blocking 
the sensor with black tape. This ensured IRCs 
would not be activated until the target animals 
were in the photographic fi eld. Sensitivity of 
the trail monitor was set at the manufacturer’s 
recommended sett ing of 5. The photographic 
interval was set to 4 minutes to balance our 
desire to reduce consecutive photographs of 
the same individual, with the risk of missing 
animals (Koerth and Kroll 2000). We denoted 
each site with a diff erent refl ective number 
on a stake within the camera’s fi eld of view 
so that the reference number appeared in all 
photographs.
We used a camera density of 1 per 33 ha to 
approximate the density used by Koerth et al. 
(1997). We achieved this camera density by 
dividing our study areas into 8 equal sections. 
Near the center of each section, we created 
a bait station containing 20–25 kg of whole 
and pressed apples. We cleared low-lying 
vegetation within a 20-m radius of the bait to 
facilitate deer identifi cation in photographs. 
We began the camera survey aft er an 8-day 
pre-baiting period. We excluded photographs 
of insuffi  cient quality (i.e., those with fog or 
fl are on the lens, etc.) for analysis. We visited 
each camera station daily between 0900–1400 hr 
for equipment, bait, and fi lm (35 mm, ISO 200, 
36-exposure color print) maintenance.
We analyzed capture data with program 
NOREMARK (White 1996). This program 
accounts for our inability to identify all 
marked animals. We obtained the date and the 
numbers of marked, unmarked, and marked 
but unidentifi able deer from each photograph. 
We used both an 8x magnifying loupe and a 
magnifying work light to identify deer in the 
photographs. Program NOREMARK includes 
the count for tagged but unidentifi able deer in 
the population estimate. We placed deer that 
we could not determine whether or not they 
were tagged (i.e., partial deer visible) in an 
“unknown” category and excluded those deer 
from the analysis.
Of the 4 estimators available in NOREMARK, 
we used the Bowden estimator (Bowden 1993) 
for the Minta-Mangel model (Minta and 
Mangel 1989). This estimator does not require 
that each animal in the population have the 
same probability of resighting, but does assume 
that the population is closed (White 1996). The 
Bowden estimator (Minta-Mangel model) and 
confi dence intervals were based on the variance 
from the resighting frequencies of the marked 
animals. 
Experiment 2: Field trial in Cayuga 
Heights
This experiment compared deer abundance 
using IRC data for 3 independent estimators: 
program NOREMARK, the BDR method 
(Jacobson et al. 1997), and the Lincoln-Petersen 
Index (Overton 1969). To conduct the mark-
resighting analyses, we captured and marked 
50 deer from January 23 to March 12, 2000, 
and completed both spring and fall camera 
surveys.
The Village of Cayuga Heights is located in 
the Town of Ithaca, Tompkins County, New 
York, USA. Cayuga Heights is an affl  uent 
community bordering the City of Ithaca and 
Cornell University (Chase et al. 1999). Census 
fi gures indicated that the village had 3,188 
residents in 2000 (U.S. Census Bureau 2003), and 
Tompkins County Offi  ce of Real Property Tax 
Assessment listed 851 residential properties. 
The village covers 458 ha ranging from 137 to 
274 m above sea level along the east shore of 
Cayuga Lake. Cayuga Heights had numerous 
woodlots covering side slopes and ravines, 
which provided habitat and travel corridors for 
deer. Using the National Land Cover Dataset 
(Vogelmann et al. 2001), we determined that 
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Cayuga Heights was composed primarily of 
developed land (83%; open space and low 
to high intensity), followed by forested land 
(9%; deciduous, coniferous, and mixed) and 
woody and emergent herbaceous wetlands 
(7%). In 2 surveys of Cayuga Heights residents, 
respondents expressed concern over deer-
related auto accidents, damage to plantings, 
and Lyme disease (Shanahan et al. 2001). 
Over 80% of respondents reported damage to 
fl ower gardens, trees, and shrubs; 23–25% of 
respondents reported experience with deer-
related auto accidents (Shanahan et al. 2001). 
Cayuga Heights regulations and community 
ordinances prohibit fi rearm discharge, and the 
community is completely closed to hunting.  
We captured the fi rst 33 deer in 16 Clo-
ver traps in the backyards of cooperating 
landowners. Traps were baited with corn, whole 
apples, and pressed apples. To increase capture 
success, we kept traps open for 3–5 days prior 
to sett ing them to habituate deer to the traps. 
We set traps each evening at dusk and checked 
the following morning. During the day, traps 
were wired open to avoid deer capture and 
potential confl icts with humans or domestic 
animals. Captured deer were handled, marked, 
and released on site each day before 0900 hr. 
We captured 17 additional deer with rocket 
nets beginning February 8, 2000 (Hawkins et al. 
1968).
We gave deer in captured Clover traps 
and rocket nets an intramuscular injection 
(0.5 ml for fawns and 1.0 ml for yearlings or 
adults) of xylazine hydrochloride (Rompun; 
Miles Laboratories, Shawnee Mission, Kan.) 
for immobilization. The deer were usually 
immobile aft er 5–7 minutes of being injected, 
at which point they were removed from the 
nett ing; their legs were bound with rope to 
prevent injury from involuntary movement 
or premature recovery. We recorded sex, 
approximate age (by tooth wear; Larson and 
Taber 1980), and capture location.
We double-marked 33 deer with catt le ear-
tags and an alpha-numeric collar. The ear tags 
were consecutively numbered. We marked an 
additional 17 adult female deer with both ear 
tags and radio collars to monitor survivorship 
and estimate the number of deer alive in the 
community during fall. Aft er marking the deer, 
we injected them with yohimbine hydrochloride 
(Yobine; Lloyd Laboratories, Shenandoah, Ia.) 
intravenously to reverse the immobilizing drug. 
We left  the deer in natural bedding positions 
to allow regular blood circulation and later 
checked to confi rm their full recovery.
Following the same protocol as for Experiment 
1, we conducted a 10-day camera survey during 
spring and another during the fall of 2000. The 
spring survey occurred during March 22 to 31, 
and the fall survey occurred from September 
29 to October 8. We confi rmed that these 
time periods were adequate by monitoring 
cumulative catch rates and population estimates 
obtained aft er each day.
We divided the study area into 12 equal 
sections, resulting in a camera density of 1 per 
38 ha. We positioned IRCs at sites with high 
deer activity, such as wooded strips between 
houses and along ravines and hedges. We 
baited the sites with whole-kernel corn (15–20 
kg) supplemented with pressed apples in 
the fall for both surveys. Three of the stations 
produced low photo-recapture rates in the 
spring, so we relocated the IRCs within the 
same 38-ha sections for the fall survey.
As in Experiment 1, we collected all data from 
the photographs and used the NOREMARK 
program with the Bowden estimator for the 
Minta-Mangel model (White 1996) for spring 
and fall population estimates. We knew the 
number of marked deer in Cayuga Heights 
for the spring camera survey because it was 
conducted only 10 days aft er we fi nished 
trapping. However, we did not know the exact 
number of marked deer during the fall survey. 
Several marked deer had died, and others 
had left  the study area before the fall survey. 
Therefore, we had to estimate the number of 
marked deer remaining in the village to analyze 
the fall camera survey data and perform the 
Lincoln-Petersen calculations. To estimate the 
number of marked deer remaining, we took the 
proportion of known versus unknown radio-
collared deer and extrapolated to the marked, 
non-radio-collared deer. In the multiple-
occasion, mark-recapture method (Pollock et 
al. 1990), an average estimator of the number 
of marked deer (Mi) is calculated from capture 
history of all individuals. We could not use 
this method because the capture history of 
unmarked deer was unknown. Instead, we used 
the proportion of radio-collared deer captured 
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on fi lm to estimate the total number of marked 
deer present during the fall survey, as follows:
Mi = mp +         ,        
where mp = a total number of marked deer 
photographed during survey period, NT,N 
= number of radio-collared deer not photo-
graphed, but present in the study area, NC,P = 
number of alpha-numeric-collared deer, and NT,P 
= number of radio-collared deer photographed 
during camera survey period.
We examined potential bias resulting from 
capture method and whether this diff ered 
between sexes by comparing the number of deer 
of each sex captured in Clover traps or rocket 
nets, with the number recaptured at camera 
sites (Jacobson et al. 1997). This information 
was also necessary for testing the assumption 
of equal catchability for Jacobson et al. (1997) 
BDR estimator and the Lincoln-Peterson Index. 
We used the Jacobson et al. (1997) BDR 
method for estimating population size from 
the fall survey data. We identifi ed individual 
branch-antlered bucks (those possessing 1 or 2 
branched antlers) by antler confi guration and 
body traits. We estimated the number of spike-
antlered bucks from the spike:branch ratio, 
(NT, N × NC, P)
       NT, P
Figure 1. Cumulative catch rates for marked deer using infrared-triggered cameras in the Seneca Army 
Depot site, Romulus, New York, during September 15–25, 1999.
Figure 2. Daily estimates for the number of deer present in Quarantine Area at Seneca Army Depot site, 
Romulus, New York, during September 15–25, 1999. Vertical bars indicate 95% CI.
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the number of females was estimated from the 
doe:buck ratio, and the number of fawns from 
the fawn:doe ratio. Total population size was 
the sum of estimates for each sex and age class.
The Lincoln-Petersen Index provided esti-
mates of deer abundance during both spring and 
fall camera surveys. We calculated cumulative 
Lincoln-Petersen estimates and 95% confi dence 
intervals using Overton’s (1969) equations. We 
calculated a mean Lincoln-Petersen estimate at 
the end of each 10-day session. We used Fisher’s 
exact test (Sokal and Rohlf 1969) to evaluate 
eff ect of sex and initial capture techniques on 
photographic recapture of marked deer at 
baited sites. Both Jacobson’s BDR method, and 
the Lincoln-Petersen estimate, assumed a closed 
population and equal catchability. The Lincoln-
Peterson index also assumed that marks were 
not lost or gained (Pollock et al. 1990).
Results
Seneca Army Depot
At SEAD, we obtained 1,238 photographs 
of deer, which included observations of 2,230 
marked and 750 unmarked 
deer. We photographed a 
total of 102 of the 104 marked 
deer (98%) by Day 10 (Figure 
1). The median population 
estimate was 136 deer (95% CI 
= 126–146) using the Bowden 
estimate for the Minta-Mangel 
model (Figure 2), which was 
close to the actual population 
size (137 deer) in the 263-ha 
enclosure. The cumulative 
daily population estimate 
varied litt le aft er 5 days of the 
IRC survey (Figure 2). This was 
an ideal situation for validating 
the computer simulations, 
as all model assumptions 
were satisfi ed. It was nearly 
impossible for deer to leave 
the triple-fenced research 
enclosure, so the population 
was closed as required for 
Bowden’s estimator (White 
1996). Also, there were no 
births or known mortalities in 
the enclosure during the 11-day 
survey period; consequently, 
population size was constant. Finally, the 
cumulative catch rate had stabilized by Day 
7 of photo-sampling (Figure 1), indicating 
most (98%) marked deer in the herd had been 
recorded on fi lm. 
Cayuga Heights
In Cayuga Heights, we obtained 1,126 
photographs, which included observations of 
853 marked and 1,574 unmarked deer (Table 
1). We rejected 174 photographs of insuffi  cient 
quality. Forty-fi ve of the 50 deer we marked 
were alive during the spring survey, and 42 
(93%) of them were photographed. There was 
no sex bias in recapture rates; 18 (95%) of the 
19 males and 24 (92%) of the 26 females were 
photographed (Fisher’s exact test, P = 1.0).
The cumulative catch rate stabilized by Day 6 
(Figure 3a). The Bowden estimator and Lincoln-
Petersen Index provided similar estimates of 
population size on Day 6 and on Day 10 (Figure 
4). On Day 10, the Bowden estimator showed 
that there were 124 (95% CI = 120–137) deer 
present in Cayuga Heights. The fi nal population 
Table 1. Deer population estimates for Cayuga Heights, New York, 
in March–April and September–October 2000 from infrared-trig-
gered cameras.
Estimation method Estimated parameters
Spring 2000 survey 1,126 photographs
Population estimates
Ratio of marked and unmarked deer on 
photos
853:1,574
Bowden’s ratio estimator (95% CI) 124 (104–148)
Lincoln-Petersen estimator (95% CI) 126 (120–137)
Fall 2000 survey 1,566 photographs
Buck:doe ratio 1:3.744
Doe:fawn ratio 1:1.038
Branched:spike ratio 1:0.079
No. branch-antlered males 15
Ratio of marked and unmarked deer on 
photos
347:1,887
Population estimates
Buck:doe ratio method  (Jacobson et al. 
1997)
147
Bowden’s ratio estimator (95% CI) 141 (81–234)
Lincoln-Petersen estimator (95% CI) 152 (133–166)
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estimate from the Lincoln-Petersen Index was 
126 deer (Table 1).
A total of 1,566 photographs was obtained 
during the fall camera survey in Cayuga 
Heights, including observations of 347 marked 
and 1,887 unmarked deer (Table 1). We rejected 
231 illegible photographs due to partial deer 
images, false triggers, and lense fogging. We 
identifi ed 15 diff erent branch-antlered and 
2 spike bucks from the photographs. The 
cumulative catch rate increased throughout the 
10-day period of camera trapping (Figure 3b), 
but the estimate of abundance was similar aft er 
Day 7 (Figure 5).
We found no diff erence among sex ratios 
for photographed deer, 
whether they were initially 
captured in Clover traps or 
in rocket nets (Fisher’s exact 
test, P = 0.525). Males and 
females were considered to 
be equally att racted to camera 
sites regardless of their initial 
capture method.
Discussion
To estimate white-tailed 
deer abundance in woodland 
areas, Jacobson et al. (1997) 
conducted 2, 14-day surveys 
with IRCs, at 3 camera sites. 
The highest camera density 
(1/65 ha) gave the most 
accurate estimate, and > 80% 
of marked deer were captured 
on fi lm in ≤10 days. Koerth 
et al. (1997) used a camera 
density of 1/33 ha and a 10-
day survey period to estimate 
white-tailed deer abundance 
in a grassland-scrub habitat 
with Jacobson et al.’s (1997) 
method. Consequently, we 
used a high camera density 
(1/33 ha or 1/38 ha) and shorter 
survey period to maximize 
the reliability of our survey. 
The smaller size of our study 
areas (SEAD = 263 ha; Cayuga 
Heights = 458 ha) compared to 
those of Jacobson et al. (1997; 
4,047 ha) and Koerth et al. 
(1997; 1,055 ha) made the high camera density 
economically feasible.
There was minimal variation in deer 
abundance derived from the 3 estimators 
during the fall survey. The lowest estimate (141) 
was provided by the Bowden model, and the 
highest (152) by the Lincoln-Peterson Index. The 
BDR method (Jacobson et al. 1997) indicated a 
population size of 147. There was litt le chance 
of deer mortalies or movement in or out of the 
study area during the camera survey because 
the time period was short (Pollock et al. 1990). 
Similarity of the abundance estimates produced 
by the 3 independent analyses provided 
evidence that closure assumption was met and 
the estimates were reliable.
Figure 3. Cumulative catch rates for marked deer using infrared-
triggered cameras in the Village of Cayuga Heights, New York, during 
March 23–31 (a), and September 29–October 8, 2000 (b). 
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The percentages of marked animals that 
were captured on fi lm during the surveys at 
SEAD (98%) and Cayuga Heights (93%) were 
similar to those obtained by Jacobson et al. 
(1997) during 1992 (88%) and 1993 (100%). 
The double-marking system of ear tags and 
collars facilitated identifi cation of marked deer 
during photo-recapture and direct spott ing, as 
it allowed deer to be identifi ed frontally or in 
profi le. The cumulative catch usually stabilized 
sooner during our surveys (Days 5–7) than for 
Jacobson et al.’s (1997; Day 10 or later). This 
presumably refl ects the higher camera densities 
we used (1/33 and 1/38 ha) compared to those 
used by Jacobson et al. (1997). Higher camera 
densities may, therefore, reduce the overall 
time needed to obtain adequate sample sizes, 
reducing costs for fuel, bait, and labor. 
Deer at both SEAD and Cayuga Heights 
were habituated to people and readily att racted 
to bait sites. It may take longer for deer that 
are less accustomed to humans or bait to be 
att racted to bait at the camera sites. Camera 
surveys in rural areas may need to continue for 
longer periods to obtain a suffi  cient sample of 
photographs and recapture a high percentage of 
marked deer. Baiting deer remains controversial 
because of the potential for disease transmission 
(Williamson 2000) and because bait sites may 
att ract deer from distant areas. Roberts et 
al. (2006) suggested that non-baited camera 
surveys may alleviate sample bias and may be 
suitable for areas where other survey estimate 
types are not available. Van Brackle et al. (1995) 
reported that white-tailed deer travelled up to 
5.4 km to feed on bait. In contrast, Kilpatrick 
and Stober (2002) and Campbell et al. (2006) 
reported comparable core-area and home-range 
sizes between baiting and non-baiting periods 
among white-tailed deer. In the latt er studies, 
deer shift ed their core areas closer to bait sites 
during baiting periods. 
Jacobson et al. (1997) found that the ratio 
of antlered bucks to does captured on fi lm 
Figure 4. Daily estimates for the number of deer present in the Village of Cayuga Heights, New York, during 
a 10-day period, March 22–31, 2000, based on Bowden’s and Lincoln-Petersen estimators from photo-
graphic recapture data. Horizontal bars indicate 95% CI for Bowden’s estimator, and vertical bars indicate 
95% CI for Lincoln-Petersen estimator. 
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increased with increasing camera density, with 
ratios of 40% bucks in 1992 and 58% bucks in 
1993 at the highest camera density (1/65 ha). 
Koerth et al. (1997) obtained a buck:doe ratio of 
53% in their camera survey. In our study, only 
21% of the deer captured on fi lm were bucks. 
Jacobson et al.’s (1997) study population was 
managed for production and harvest of mature 
bucks, which would account for their higher 
percentage of males. We documented average 
dispersal distances for yearling male deer in 
Cayuga Heights of about 12 km (Boldgiv 2001). 
While dispersal distance is not critical for 
estimates of abundance, it is important to know 
which deer dispersed out of the community 
and when to determine the number of tagged 
deer available for camera surveys. Thus, deer 
sex ratios in the community are infl uenced by 
interchange with deer from surrounding areas.
There are many benefi ts to the IRC technique. 
It requires no recapture and handling of animals, 
which reduces trap-shyness. Most estimation 
procedures are based on the assumption of 
equal catchability, which may be violated with 
standard trapping methods (Minta and Mangel 
1989, Pollock et al. 1990). Secondly, an adequate 
sample size can be obtained in a short time 
because large areas can be sampled, and all 
animals are simultaneously and continuously 
detectable (Mace et al. 1994). The camera 
technique gathers information on sex and basic 
age ratios of deer (Koerth et al. 1997), which 
aerial surveys do not. Finally, photographs may 
serve other purposes, such as marketing and 
advertising management programs (Koerth et 
al. 1997). 
The primary disadvantage of IRC sampling 
was cost. The equipment was expensive and 
vulnerable to theft  or human interference, 
which limits potential camera locations. For 
our 11-day camera survey at SEAD at 1 camera 
per 33 ha, our total costs were $6,951, or $26/ha. 
This comprised $1,555 for 8 infrared monitors 
($194 each), $2,506 for 8 cameras ($313 each), 
$550 for 34 rolls of fi lm with processing, and 
$2,340 for a month of staff  time at $15 per hour. 
Figure 5. Daily estimates for the number of deer present in the Village of Cayuga Heights, New York, dur-
ing a 10-day period during September 29–October 8, based on the buck:doe ratio method (Jacobson et al. 
1997), Bowden’s and Lincoln-Petersen estimators from photographic recapture data. Vertical bars indicate 
95% CI on Lincoln-Petersen estimator. 
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If the life expectancy of the equipment was 5 
years, costs would be $14/ha/yr.  Digital IRCs 
have since become commonplace.  As a result, 
costs and life expectancy of equipment may 
diff er today. 
Jacobson et al. (1997) and Koerth et al. (1997) 
quote costs for their camera surveys of $5/ha (for 
highest camera density) and $2/ha, respectively. 
The higher cost of our survey was probably due 
to our including expense categories (e.g., staff  
time) that were excluded from other estimates. 
Expense comparison among diff erent survey 
methods was diffi  cult because costs were not 
reported uniformly or in suffi  cient detail. The 
camera method may be more costly than visual 
helicopter surveys. Koerth et al. (1997) noted 
that the cost of surveying their study area by 
helicopter (excluding travel costs) would have 
been half the expense of their camera survey. 
Belant and Seamans (2000) stated a cost of $0.25/
ha for pilot and helicopter hire in their surveys. 
Adding thermal infrared sensing to an aerial 
survey increased the cost to $1/ha (Naugle et 
al. 1996). The expense of using IRCs can be 
justifi ed when seeking accurate and reliable 
population estimates or detailed information on 
herd sex and age ratios, for measuring success 
of management programs (Lancia et al. 1994) or 
studying population dynamics.
Our Cayuga Heights study showed that 
Jacobson et al.’s (1997) BDR method for 
estimating deer abundance, which had been 
successfully applied to both a forested habitat 
(Jacobson et al. 1997) and a grassland-scrub 
habitat (Koerth et al. 1997), can be applied in 
suburban areas, as well. The primary advantage 
of Jacobson’s method is that individual deer do 
not have to be captured and marked, saving 
considerable time and expense. A disadvantage 
is that this technique can be used only when 
bucks have antlers (i.e., fall to mid-winter), and 
the quality of photographs must be suffi  cient to 
distinguish branch-antlered males from each 
other. The BDR method also provides no error 
term (confi dence interval). We recommend that 
if deer can be surveyed in the fall, Jacobson’s 
method should be used to minimize animal 
handling, time, and cost.
We confi rmed that IRCs and the Bowden 
estimator for the Minta-Mangel model (program 
NOREMARK) provided reliable estimates of 
deer abundance in both the grassland-woodland 
habitat of SEAD and a developed suburban 
landscape. For suburban surveys that must 
occur when male deer do not have antlers, we 
recommend using program NOREMARK with 
tagged deer, as this estimator was designed to 
accommodate photographic data.
As burgeoning white-tailed deer populations 
negatively impact urban, suburban, and exurban 
landscapes, the demand for innovative control 
measures will increase (Hussain et al. 2007, 
Storm et al. 2007). In particular, deer–vehicle 
collisions have become a serious problem 
(Bissonett e et al. 2008, Grovenburg et al. 2008, 
Mastro et al. 2008, Ng et al. 2008). For any 
population control method (e.g., sharpshooting 
or fertility control), wildlife managers will need 
quality baseline information regarding deer 
abundance, age, and sex ratios. Traditional 
population survey techniques are not always 
practical in urban or suburban wildlife studies. 
IRCs have advantages over aerial surveys and 
ground drives in populous areas as the camera 
surveys are quiet, unobtrusive, and obtain 
data at all hours (Wilson et al. 1996). The IRC 
method may be the most suitable technique for 
studies of urban wildlife where it is diffi  cult to 
otherwise measure animal abundance.
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